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Recovery of autologous sickle cells by 
hypotonic wash
E. Wilson, K. Kezeor, and M. Crosby
It is important to isolate autologous red blood cells (RBCs) from 
transfused RBCs in samples from recently transfused patients to 
ensure that accurate serologic results are obtained. Typically, this 
isolation can be performed using methods that separate patient 
reticulocytes from transfused, older donor RBCs. Patients with 
sickle cell disease (SCD), however, characteristically have RBCs 
with altered membrane and morphological features, causing 
their RBCs to take on a sickle-shape appearance different from 
the biconcave disc-shape appearance of “normal” RBCs. These 
characteristics enable the use of hypotonic saline solution to 
lyse normal RBCs while allowing “sickle cells” to remain intact. 
Because many patients with SCD undergo frequent transfusions 
to treat their condition, the use of hypotonic saline solution 
provides a rapid method to obtain autologous RBCs for serologic 
testing from this patient population using standard laboratory 
equipment and supplies. Immunohematology 2018;34: 
16–18.
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Introduction
Sickle cell disease (SCD) affects millions of people 
throughout the world. It is one of the most common inherited 
blood disorders and can be seen most prevalently in people 
of African descent. It is characterized by abnormally shaped 
(sickle-shaped) red blood cells (RBCs), which are removed 
from circulation and destroyed at increased rates, leading 
to anemia. The underlying abnormality of the “sickle cell” 
RBC is the presence of abnormal hemoglobin (Hb S). When 
deoxygenated, Hb S becomes relatively insoluble and forms 
aggregates with other Hb molecules within the RBC. These 
aggregates develop into long chains that distort the RBC into 
a sickled shape, causing impaired RBC flow through blood 
vessels.1 
One of the most common treatments for patients with SCD 
is blood transfusion. Blood samples from patients with SCD 
who have been recently transfused may present challenges 
when performing serologic testing in the blood bank. Antigen 
typing results are invalid on blood samples up to 3 months 
after transfusion because of multiple populations of RBCs in 






• 0.9% normal saline
• 1-L container
Procedural Steps
• Add distilled water to 3 g NaCl to final volume of 1 L
 OR




• 0.9% NaCl normal saline
• 0.3% NaCl hypotonic saline
• Packed EDTA RBCs from recently 
transfused patient with SCD
• Test tubes (10 × 75,  
12 × 75, or 16 × 100 mm)
• Disposable pipettes
• Calibrated centrifuge
RBCs = red blood cells; SCD = sickle cell disease.
Procedural Steps
• Add four to five drops of RBCs to a test tube.
• Fill the tube with 0.3% hypotonic saline. Invert to mix.
• Centrifuge the tube at 1000g for 1 minute or at calibrated high 
speed for centrifuge in use. Remove supernatant.
• Repeat fill/centrifuge steps with 0.3% hypotonic saline at least six 
times, or until all gross hemolysis clears. 
• Remove as much residual saline as possible after the last wash.
• Fill the tube with 0.9% normal saline. Invert to mix.
• Centrifuge the tube at high speed. Remove supernatant.
• Repeat fill/centrifuge steps with 0.9% normal saline at least twice.
• Centrifuge the tube on the last wash at 200g for 2 minutes or at 
calibrated low speed for centrifuge in use. Remove all supernatant. 
• Add 0.9% normal saline to the washed, packed RBCs to a 2–5% 
suspension.
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circulation. Direct antiglobulin test (DAT) results may also be 
falsely negative depending on the quantity and frequency of 
transfusions a patient receives. Therefore, it is imperative to 
separate the patient’s autologous RBCs from the transfused 
RBCs before performing serologic testing to obtain accurate 
results. Methods to separate autologous RBCs from transfused 
RBCs include microhematocrit centrifugation, hypotonic 
wash, and use of density gradients.2
RBCs containing Hb S are resistant to osmotic stress and 
can be quickly separated from transfused cells when washed 
with a hypotonic saline solution.3 These recovered autologous 
RBCs are useful in performing phenotyping, DAT, and 
autoadsorption procedures.
Principle
Microhematocrit cell separation methods separate 
autologous RBCs from transfused RBCs based on RBC 
density. High-speed centrifugation causes younger, less dense 
RBCs to rise to the top of the microhematocrit tube, whereas 
older, heavier RBCs separate to the bottom.4 Sickle cells are 
quite dense; therefore, microhematocrit centrifugation is not 
effective for separating autologous RBCs from transfused 
donor RBCs in this patient population.
There is a strong relationship between the morphology 
of sickle cells and the osmolarity of the suspending solution.5 
RBCs from patients with SCD, either Hb SS or SC, are 
resistant to lysis by hypotonic saline. RBCs from individuals 
without SCD (Hb AA) and individuals with the Hb S trait will 
lyse when washed with the same concentration of hypotonic 
saline. This lysis occurs because of the spherical shape of the 
RBCs, which allows them to swell in hypotonic solutions. 
An increase in membrane permeability of RBCs containing 
Hb S promotes calcium entry as well as loss of potassium 
chloride and water, inducing cellular dehydration and the 
resultant sickling. Hyperconcentration of Hb S is associated 
with membrane permeability and, consequently, resistance to 
hypotonic hemolysis.6
Indications
If RBC transfusion has occurred in a patient with sickle 
cell anemia (Hb SS or SC disease) and autologous RBCs are 
desired for further testing, a hypotonic saline wash can be 
performed to isolate patient autologous RBCs. Lack of an active 
sickle crisis episode does not preclude use of the hypotonic 
wash method to separate autologous RBCs from transfused 
RBCs. 
Procedure
Add four to five drops of packed EDTA RBCs from a recently 
transfused patient with SCD to a test tube. If a larger volume 
of RBCs is desired for use in adsorption studies, a 16 × 100 
mm test tube can be used to facilitate adequate washing. Wash 
the RBCs by filling the tube with a large volume of 0.3 percent 
NaCl and invert to mix. Centrifuge the tube at 1000g for 1 
minute (or at the high-speed setting) in a calibrated centrifuge. 
Repeat this process approximately six times or until all gross 
hemolysis clears, removing as much of the supernatant as 
possible after the last wash. Wash the remaining RBCs twice 
with 0.9 percent NaCl to restore tonicity. Centrifuge the last 
wash at 200g for 2 minutes (or at the low-speed setting) in the 
calibrated centrifuge and remove the supernatant. The lower 
centrifugation speed will aid in removal of residual stroma. 
Suspend the washed RBCs in 0.9 percent NaCl to a 2–5 percent 
concentration. RBCs are now ready for use in antigen typing, 
DAT studies, or autoadsorption procedures. 
Limitations
Mixed-field reactivity noted when performing antigen 
typing of harvested autologous sickle cells may be due to 
incomplete lysis of the transfused RBCs. Additional washes 
with hypotonic saline may be warranted in these cases.
White blood cells (WBCs) may not be readily lysed by 
the hypotonic saline solution. Patients with an elevated WBC 
count may cause a sticky RBC button when autologous RBCs 
are tested.
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